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(54) Cryogenic pump 

(57) A cryogenic pump is disclosed for pumping liq- 
uified gas from one container to another container or a 
point of use. The pump has a main housing ( 1 2) defining 
a cylinder in which a hollow piston (34) is reciprocable 
by means of a piston rod (42) and divides the interior of 
the main housing into a supercharger chamber (50) and 
a sump chamber (52). The lower end of the main hous- 
ing is closed by a block (24) formed with a fixed piston 
(54), defining a high pressure chamber (60) in the hollow 
piston (34), and with inlet ports (76) leading into the 
sump chamber (52). An outer housing (14) defines a 
precharge chamber (82) around the main housing (12). 
During reciprocation of the hollow piston (34), liquid is 
drawn in through the ports (76) and progressively 
pumped, though non-return valves, in sequence 
through the sump chamber (52), the precharge chamber 
(82), the supercharger chamber (50), and the high pres- 
sure chamber (60) to an outlet line (1 36). The block (24) 
is located within and adjacent to the bottom of the con- 
tainer. The pump arrangement allows the container to 
be substantially emptied thereby avoiding waste of the 
contained liquified gas. 
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Description 

FIELD OF THE INVENTION 

The invention relates generally to mechanical 
pumps and more particularly to cryogenic pumps for 
pumping liquified gases in their saturated liquid state. 

RACKGROUND OF THE INVENTION 

Cryogenic liquids or fluids such as hydrogen, oxy- 
gen, nitrogen, argon and liquified hydrocarbons i.e., 
methane or natural gas, are typically stored and trans- 
ported in pressurized containers. The containers are 
typically well-insulated and refrigerated to very low tem- 
peratures. Pumps are used to transfer such cryogenic 
fluids between containers or from one container to a 
point of use. While many pumps have evolved over the 
years, mechanical pumps of the reciprocating type have 
been preferred for many applications. Such mechanical 
cryogenic pumps are required to have a net positive suc- 
tion head (NPSH), that is, a suction head above zero, 
to prevent the loss of prime of the pump or to prevent 
cavitation. Flow limitations generally result from the 
maintenance of an NPSH and it is therefore desirable 
to employ pumps that can operate with a negative suc- 
tion head or NPSH below zero. 

One example of such a mechanical cryogenic pump 
is illustrated in U.S. Patent 5,188,51 9 issued to Splugis. 
The pump disclosed in this patent includes a cylinder 
having a liquid inlet and a liquid outlet, and a piston re- 
ciprocally movable within the cylinder and generally in- 
termediate the liquid inlet and liquid outlet. The piston 
has a liquid flow conduit therethrough generally co-axial 
with the cylinder, the liquid flow conduit having an inlet 
end in liquid communication with the cylinder liquid inlet 
and an outlet end in liquid communication with the cyl- 
inder liquid outlet. A piston rod is attached to the piston 
for reciprocally moving the piston within the cylinder in 
a direction toward the cylinder liquid outlet. A valve op- 
eratively associated with and intermediate the piston rod 
and the piston liquid flow conduit inlet end alternately 
opens and closes the inlet to liquid flow, the valve being 
closed when the piston rod and piston are moved in the 
direction toward the cylinder liquid outlet and being open 
when the piston rod and piston are moved in the recip- 
rocal direction. 

Another example of a reciprocating cryogenic pump 
is disclosed in U.S. Patent No. 4,239,460 issued to Golz 
which describes a pump designed to operate with a 
NPSH below zero. This pump employs a reciprocating 
piston which divides a cylindrical housing into a suction 
and an evacuation chamber. A gas inlet port extends 
through the side of the housing for channeling liquified 
gas into the suction chamber. A fixed piston extends 
from an outlet end of the housing into the evacuation 
chamber. The fixed position slides within a cylindrical 
skirt carried by the reciprocating piston to form a high 



pressure chamber. The pressurized liquified gas is sup- 
plied to an outlet through a passageway within the fixed 
piston. One way valves control the flow of liquified gas 
though the inlet, the several chambers and the outlet. 
5 Applicants in co-pending application entitled Cryo- 
genic Pumps, serial number 08/384 ; 970, filed February 
7, 1 995 and assigned to the assignee of this application, 
disclose an improved mechanical pump which includes 
a reciprocating piston positioned in a first cylindrical 

10 housing for dividing the interior of the housing into a su- 
percharger chamber and an evacuation chamber on op- 
posite sides of the piston. At least one supercharger 
chamber inlet port extends through the cylindrical hous- 
ing directly behind the reciprocating piston for chan- 

>5 neling liquified gas from a liquified gas inlet into the su- 
percharger chamber. A fixed piston is mounted in the 
housing and extends into the evacuation chamber. The 
fixed piston engages a skirt carried by the moveable pis- 
ton to form a high pressure chamber between the mov- 

20 able and fixed pistons. A liquified gas outlet extends 
through the fixed piston from the high pressure chamber 
to the ultimate outlet. Excess fluid from the supercharger 
chamber is vented back into the storage reservoir pref- 
erably through one or more restricted orifices, eliminat- 

25 ing the need for a pressure relieve valve. 

These reciprocating mechanical pumps have a sim- 
ilar drawback in that they are not adapted for submer- 
sion within a cryogenic liquid container and in any event 
would not be able to empty the contents of such a con- 

30 tainer because of the arrangement of the several com- 
ponents including the liquified gas inlet. An amount of 
cryogenic fluid remains in the container. It would be an 
advancement in the art to have an improved cryogenic 
pump which can be submerged within a cryogenic con- 

35 tainer and capable of emptying all or most of the fluid 
from such a container. 

SUMMARY OF THE INVENTION 

*o An improved cryogenic pump capable of being sub- 
merged within a pressurized cryogenic container for 
transferring liquified gases therefrom to another con- 
tainer or a point of use, in accordance with the present 
invention, includes a reciprocating piston positioned in 

45 a inner cylindrical housing. The piston divides the inte- 
rior of this inner housing into a supercharger chamber 
and a sump chamber on opposite sides of the piston. At 
one end of the pump a liquified gas inlet extends be- 
tween the liquified gas container and the sump chamber 

so for channeling liquified gas from the pressurized con- 
tainer into the pump. An outer housing surrounds the 
inner housing forming a liquified gas reservoir or pre- 
charge chamber therebetween. A supercharger inlet 
port extends through the cylindrical inner housing direct- 

55 |y behind the reciprocating piston for channeling liquified 
gas from the precharge chamber gas inlet into the su- 
percharger chamber. A fixed piston is mounted in the 
housing and extends into the sump chamber. The fixed 
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piston engages a skirt carried by the moveable piston 
to a high pressure chamber between the movable and 
fixed pistons. A liquified gas outlet extends through the 
fixed piston from the high pressure chamber. 

With this pump arrangement, the cryogenic pump s 
can be placed in the liquified gas container with the liq- 
uified gas inlet located adjacent the bottom of the con- 
tainer. All or most of the liquified gas can therefore be 
removed from the container in a removable or transfer 
operation. w 

The structure and operation of the present invention 
can best be understood by reference to the following de- 
scription taken in conjunction with the accompanying 
drawings wherein like components in the several figures 
are designated with the same reference numerals. '5 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross -sectional view of a cryogenic 
pump in accordance with the present invention; 20 
Figure 2 is a cross -sectional view of the pump of 
Figure 1 taken along lines 2-2; 
Figure 3 is a cross -sectional view of the pump of 
Figure 1 taken along lines 3-3; 
Figure 4 is a cross -sectional view of the pump of 2s 
Figure 1 taken along lines 4-4; 
Figure 5 is an enlarged partial cross-sectional view 
of the pump of Figure 1 taken along lines 5-5; 
Figure 6 is an enlarged partial cross-sectional view 
of the pump of Figure 1 taken along lines 6-6; and 30 
Figure 7 is a partial cross-sectional view of a liqui- 
fied gas container with the pump of Figure 1 sub- 
merged therein. 

DESCRITION OF THE PREPERRED EMBODIMENT 35 

Referring now to the drawings and in particular to 
Figure 1, a liquified gas pump 10, in accordance with 
the present invention, includes an inner cylindrical hous- 
ing 12 and an outer cylindrical housing 14 disposed *o 
around the inner cylindrical housing. The inner cylindri- 
cal housing has an inner housing inlet end section 16, 
a pump inlet/discharge end section 18. a central section 
20, and a longitudinal axis 22. The inner housing inlet 
end section 1 6 is formed integrally with the central sec- 
tion 20 while the pump inlet/discharge end section com- 
prises a combined pump inlet/discharge head 24 which 
is shown as a disc-shaped block portion positioned at 
the end of the inner cylindrical housing 1 2 and within the 
end of the outer cylindrical housing 14. An O-ring 26 so 
seats in a circumferential groove in the disc-shaped 
block portion providing a seal along the inner wall 28 of 
the outer cylindrical housing 1 4 (described in more detail 
hereinbelow). An end plate 30 is bolted to this disc- 
shaped block portion by a plurality of bolts 31 , thereby 55 
capping off the end 32 of the outer cylindrical housing 
and the bottom end of the pump 10 that will sit adjacent 
to the bottom of a liquid gas container (shown with more 



particularity in Figure 7). 

A reciprocating piston 34 mounted within the inner 
cylindrical housing 1 2 reciprocally moves in this housing 
along the longitudinal axis 22. A drive rod 36 extends 
rearwardly from the reciprocating piston 34 and the two 
may be formed together as an integral unit as shown in 
Figure 1 . The drive rod 36 extends through a rearwardly 
extending portion 38 of the inner cylindrical housing 16. 
Shaft seal 40 located between the drive rod 36 and the 
inner cylindrical wall of the rearwardly extending portion 
38, inhibits the egress of fluid along the drive rod 36. 
The drive rod 36 may be coupled to a suitable driving 
mechanism such as an electric motor and cam arrange- 
ment (not shown) by means of a hollow cam follower rod 
42, for example. The cam follower rod 42 moves the 
drive rod 36 and reciprocating piston 34 back and forth 
providing the pumping action for this mechanical pump 
arrangement. The drive rod 36 and the cam follower rod 
42 may be coupled by cooperative thread sections 44. 

The reciprocating piston 34 carries a forwardly ex- 
tending cylindrical skirt 46, the skirt having circumferen- 
tial ring riders and piston rings 48 which engage the in- 
ner wall of the central section 20 of the inner cylindrical 
housing 12. The reciprocating piston 34 divides the in- 
terior of the inner housing 1 2 into a supercharger cham- 
ber 50 at the inlet end section 18 of the inner cylindrical 
housing and a sump chamber 52 at the pump inlet/dis- 
charge end section 18 which sump chamber is a low 
pressure chamber. 

A fixed piston 54 extends from the pump inlet/dis- 
charge head 24 into the reciprocating piston skirt 46. 
The fixed piston 54 includes piston rings 56 which en- 
gage the inner cylindrically shaped wall 58 of skirt 46. A 
high pressure chamber 60 is formed between the recip- 
rocating and fixed pistons 34 and 54. A plug 62 bolted 
to the pump inlet/discharge head 24 extends through the 
inlet/discharge head and into the fixed piston 54. The 
plug 62 is affixed to the inlet/discharge head 24 by co- 
operative threads 64 on the plug 62 and in the inlet/dis- 
charge head 24 and gasket 66 seals the plug 62 with 
the inlet/discharge head. Outlet or discharge bores 68, 
72, and 70 extend through the end of the fixed piston 
54, the plug 62 and the inlet/discharge head 24. More 
specifically, as shown in Figures 1 and 2, the bore 70 
extends transversely through the inlet/discharge head 
24 and intersects the central bore 72 through plug 62, 
which central bore 72 is aligned with a fixed piston end 
hole 74 in the end of the fixed piston 54. 

The fluid from the container enters the pump 10 
through a plurality of inlet suction ports 76 which extend 
through the end plate 30 and pump inlet/discharge head 
24 into the sump chamber 52. A sump chamber valve 
78 in the form of a planar disk, is moveable along the 
longitudinal axis from the closed position shown in Fig- 
ure 1 to an open position when the planar disk engages 
retainer ring 80 which is secured in an annular groove 
on the fixed piston 50. The sump chamber 52 provides 
the first chamber that fluid enters within the pump 10 
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from the storage container. Fluid is drawn into the sump 
chamber when a low pressure condition exists in the 
sump chamber. 

A precharge chamber 82 or precharge fluid reser- 
voir is formed between inner cylindrical housing 1 2 and s 
outer cylindrical housing 14. The two cylindrical hous- 
ings are concentrically mounted and capped off. at one 
end by end cap 84 and at the other end by discharge 
head 24. Annular O-rings 86 seal the respective ends 
of the pump. Precharge chamber 82 is in fluid commu- io 
nication with the sump chamber 52 when a ball valve 88 
moves and opens a bore 90 therebetween. Precharge 
chamber 82 provides the second chambered area of the 
pump 10. 

A third fluid chamber is provided by supercharger is 
chamber 50. The inner housing inlet end section 16 of 
the inner housing 1 2 includes a plurality of ports or pas- 
sageways 94 (shown in Figure 1 and 4) which channel 
liquified gas from the precharge chamber 82 into the su- 
percharger chamber 50. The supercharger chamber 50 20 
sits directly behind reciprocating piston 34. A super- 
charger valve 96, which is in the form of another planar 
disk, moves along the longitudinal axis from a closed 
position shown in Figure 1 to an open position when the 
planar disk engages a retainer ring 98 secured to the 2$ 
inner housing. 

A high pressure chamber 60, forming a fourth 
chamber, lies forward of the supercharger chamber 50 
and receives fluid from the supercharger chamber at the 
appropriate times through suction valve 102, as shown 30 
with more particularity in Figures 1 and 5. Suction valve 
102 comprises a tapered-shaped-disc head 104 and a 
stem 106, the stem being slideably mounted in a bush- 
ing 1 08. The bushing 1 08 which may be made of a moly- 
teflon material with a steel backing (commonly referred 3S 
to as a DU bushing) is press fit within the rearward por- 
tion of skirt 46 of reciprocating piston 34. The vatve body 
110 of the suction valve 102 includes ports 11 2 (see Fig- 
ure 5) which in conjunction with passageways 94 in the 
rear portion of the reciprocating piston 34 (see Figures *o 
1 and 3) allows liquified gas from the supercharger 
chamber 50 to enter the high pressure chamber 60 
when the suction valve 102 is open (i.e., moved to the 
right from the position shown in Figure 1). The suction 
valve 102 is biased toward the closed position by a 45 
spring (not shown) located on stem 106 between the 
bushing and lock nuts 1 1 8, as illustrated in Figure 1 . The 
compressive force of the spring 1 1 6 may be adjusted by 
lock nuts 118 mounted on the threaded rear portion of 
the stem 106 (only until the proper travel of the valve is so 
obtained). 

The fluid within the high pressure chamber exits the 
pump at the appropriate time in the pump cycle via the 
outlet bores 68, 70, 72 which were described above. A 
discharge valve 1 20, located between the upstream end ss 
of the plug bore 72 and the fixed piston end hole 126, 
engages a discharge valve seat 128 on the interior of 
the fixed piston 54, the valve seat providing an opening 



or closing of the fixed piston end hole 74. When the dis- 
charge valve 120 is forced forwardly (toward the dis- 
charge end) fluid may flow through fixed piston end hole 
74 : around the valve 120 through peripheral space 130 
between the fixed piston 54 and valve 120 and into dis- 
charge duct or cross bores 1 32 and longitudinal bore 72 
in the valve, as shown with more particularity in Figure 
6. An outlet or discharge line 136 is connected to the 
inlet/discharge head 24 for receiving the high pressure 
discharged liquified gas as shown in Figures 1 and 2. 

In case the pressure in the supercharger chamber 
50 becomes too high, the reciprocating piston 34 con- 
tains a poppet valve 138 which provides pressure relief 
through central bore in the drive rod 36 of the recipro- 
cating piston to an aligned bore in the cam follower rod 
42. Excess fluid or gas that is vented through the drive 
rod 36 reenters the container and is recycled. Venting 
occurs during the rearward stroke of the reciprocating 
piston 34 as will be explained in more detail. 

In operation the following actions occur during the 
rearward travel or stroke of the reciprocating piston 34 
(i.e. away from the inlet/discharge head): 

(1 ) The pressure in the sump chamber 52 decreas- 
es allowing higher pressure liquified gas in the stor- 
age container to act on the disk valve 78 and to be 
drawn into the sump chamber 52. 

(2) The liquified gas and any vapor is compressed 
in the supercharger chamber 50 due to the decreas- 
ing volume therein. The increasing pressure liqui- 
fies any vaporized gas in the supercharger chamber 
and this higher pressure liquid forces the valve 102 
toward the inlet/discharge head 24 against the ac- 
tion of the spring 116 thereby allowing liquified gas 
to enter the high pressure chamber 60. 

(3) The high pressure buildup in the supercharger 
chamber 50 also closes the supercharger disk valve 
96 by moving it in a longitudinal direction towards 
the inlet end section 16 of inner housing 12 (to the 
left in Figure 1). 

During the return or forward stroke of the recipro- 
cating piston 34, i.e., toward the discharge end the fol- 
lowing action occurs: 

(1 ) The volume in the sump chamber 52 decreases 
during the forward movement of the reciprocating 
piston 34 and pushes ball valve 88 toward the inner 
wall of the cuter chamber (see the position of the 
ball shown in dotted lines in Figure 1). This action 
opens the bore 90 and allows a mixture of liquified 
gas and vapor within the sump chamber to enter the 
precharge chamber 82. 

(2) The volume in the supercharger chamber 50 in- 
creases as a result of the forward movement of the 
reciprocating piston 34 creating a low pressure 
therein which moves the supercharger valve 96 for- 
ward against the retainer ring 98 and opens this 
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valve. Liquified gas then flows into the supercharger 
chamber 50 until.tfie reciprocating piston 34 reach- 
es the end of its forward travel. 
(3) Liquified gas in the high pressure chamber 60 
forces the discharge valve 120 away from its seat s 
1 28 and toward the inlet/discharge head 24 thereby 
opening this valve. The liquified gas under pressure 
flows through the end hole 74 in fixed piston, the 
central bore in plug 72 and the discharge duct 70 in 
inlet/discharge head 24 to outlet discharge Line io 
136. Pressure in the high pressure chamber main- 
tains the suction valve 102 closed during this for- 
ward stroke of the reciprocating piston 34. 

As shown in Figure 7, the inlet/discharge end of the is 
pump 10 is placed adjacent the bottom 140 of a contain- 
er 1 42 of liquified gas. Since the inlet port of the pump 2. 
is at the bottom 1 40 of the container, substantially ail of 
the liquified gas in the container can be more readily 
removed. A bracket 144, with suitable openings 140 20 
therein, secures the pump within the container. The 
pump design of the present invention is particularly use- 3. 
ful in applications where the cryogenic container or tank 
is mounted in a vehicle because the pumping action is 
not affected by liquid sloshing in the tank. 2s 



Claims 

1. A submersible cryogenic pump for transferring liq- 30 
uified gases from a container comprising 

a main pump housing (20) having a longitudinal 
axis and a discharge end (24); 5. 
a reciprocating piston (34) positioned within the 35 
main housing along the longitudinal axis for di- 
viding the interior of the housing into a super- 
charger chamber (50) and a sump chamber 6. 
(52), the volume of the supercharger and sump 
chambers changing in opposite senses as the 40 
piston is moved toward and away from the dis- 
charge end of the housing; 
a fixed piston (54) extending within the sump 
chamber (52) to form a variable volume high 7. 
pressure chamber (60) between the reciprocal- <s 
ing and fixed pistons (34 : 54); 
a liquified gas inlet (76) extending through the 
housing and into the sump chamber (52) adja- 
cent the discharge end (24); 

a sump chamber valve (78) for allowing liquified so 8. 
gas to enter the sump chamber (52) when the 
reciprocating piston (34) travels away from the 
discharge end (24); 
precharge chamber (82); 

a precharge chamber valve (88,90) connecting ss 9. 
the sump and precharge chambers (52,82) for 
allowing liquified gas to flow from the sump 
chamber (54) into the precharge chamber (82); 



a supercharger chamber valve (94,96) con- 
nected between the precharge chamber (82) 
and supercharger chamber (50) for allowing liq- 
uified gas to flow from the precharge chamber 
(82) into the supercharger chamber (50): 
a high pressure chamber valve (106) connect- 
ed between the high pressure chamber (60) 
and the supercharger chamber (50) for allowing 
gas to flow from the supercharger chamber (50) 
into the high pressure chamber (60); 
a high pressure outlet passageway (68,70) in 
fluid communication with the high pressure 
chamber (60); and 

a discharge valve (120) in the outlet passage- 
way. 

The cryogenic pump defined in Claim 1 wherein the 
liquified gas inlet comprises a plurality of ports (76) 
opening into the sump chamber (52) around a line 
that parallels the longitudinal axis. 

The cryogenic pump defined in Claim 1 or 2 further 
comprising a high pressure relief valve (138) for 
venting excess liquified gas from the supercharger 
chamber. 

The cryogenic pump of any preceding Claim where- 
in the reciprocating piston (34) is formed with an 
elongated bore (58) concentric with the longitudinal 
axis (22), and wherein the fixed piston (54) extends 
within the longitudinal bore (58) in the reciprocating 
piston (34). 

The cryogenic pump of Claim 4 wherein the outlet 
passageway (68,70) extends through the fixed pis- 
ton. 

The cryogenic pump of any preceding Claim where- 
in each of the sump chamber valve (78), precharge 
chamber valve (88,90), high pressure chamber 
valve (1 06) and discharge valve (1 20) is a one-way 
valve. 

The cryogenic pump of any preceding Claim where- 
in the precharge chamber (82) is formed by an outer 
housing (14) surrounding the main pump housing 
(20) and forming the precharge chamber therebe- 
tween. 

the cryogenic pump defined in any preceding Claim 
wherein the discharge end comprises a discharge 
head (24) capping the discharge end of the housing 
(20). 

The cryogenic pump defined in Claim 8 wherein the 
port or ports (76) extend through the discharge 
head (24). 
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1 0. The cryogenic pump defined in Claim 9 wherein the 
outlet duct (70) connecting the high pressure cham- 
ber to the outlet, extends through the discharge 
head (24). y 

11. The cryogenic pump defined in Claim 10 further 
comprising an outlet conduit (1 36) connected to the 
outlet duct (70) and offset from the axis (22). 

12. The pump defined in any of claims 8 to 11 wherein 
the fixed piston (54) is integrally formed with the dis- 
charge head (24). 
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